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Third Meonthly Progress Report on Therma! Strein Analysis
of Advanted Manned-Spacecraft Heat Snields

NASA Controct NAS 9-1786

1

As a resu't of *ha techn’ o' nrogress made during the first two monthly periods
and in view of certain oroblems encountered during the third monthly period, it became
necessary to revise the original program schedule. It was agreed at o joint meeting of
key ARA and AGC personnel, that the origina! program schedule would be modified to
include additional study phases believed most pertinent to the overall objective of the
program. Consequently, other phases had to be changed, accordingly, to maintain the
original worklood. The revisec nrogram schedule is shown in Fig. 1 and reference will
be made to this schedule in reporting progress made during the third monthly period.

Phase A - Deriviation of Basic Equations

This phase was extended to include an investigation of the singularity which
arises on the axis-of-symmetry, in the non-axisymmetric case. Results of this study,
which complete Phase A of the program, are summarized in Appendix 1 of this report.
It was concluded that points on the axis-~of-symmetry could be considered in the non-
axisymmetric case but that the additional programming required ond the complication
introduced would probably not just'fy the improved accuracy to be goined,

Phase A" - Investigotion of Engineering Models

The heat shield, as described in NASA Contract NAS 9-1986, consists of a
sandwich shell structure to which on ablative material is bonded. The overall thickness
of the composite structure requires a three-dimensional or “thick-shell" analysis.
However, certain regions of the structura consist of extremely thin layers which, by

themselves, can satisfy the usual thin-shell criteria. The face plates of the sandwich

s



substructure, for example, are specificu on . L i Coinarison with 2 in. for fhe
honeycomb core. In view of their higr e.autic muscwl o the face plates constitute d
substantial fraction of the fotai stifness of the structure and, consequently, cannot

be ignored. Another region of extreme importance is the hond line where the ablation
is joined to the metal substructure. A'tho. » -+ . i+ is only opproximately 0,030
inches thick compared with thicknesses of “h. rcr of 1 inch for the ablator, the
stress distribution throughbut f.he bond is of utrost importance in considering the over~
all structural integrity of the heat shield. Corsiderable complication resul?s if thase
thin layers are treated by three-dimensionc. ih: ..y owing to the large differences in
the grid spacings bef\&een directions norma! i n pilune with the thin |ayers,:_ in
conjunction with finite difference solutiors to rhe partial differential equafions;

Cohsedueqﬂy, it becomes necessary to treat these thin layers in a manner which avoids

further suﬁdivision of these layers into thinner layers. This can be accomplished by

treating each layer by thin shell theory, which raquires only o two-dimensional soluﬂon e

of the displacement-equilibrium equations «i m¢ rwdicr surface of the shell, The sm |

e

and strain distributions throughout the shell thickness are then obtained using the
Kirchhoff bending hypothesis for thin shells. The method is summerized in Append& 2
for a flat plate using Cartesian coordinates. (. effort constitutes 25% of the fqmi
effort for this phase. During the next no " 4 v . ne method will be extended to
spherical and toroidal curvilinear coordinzi i Lt a:crest in the heat shield onalysfs.

Phase G. - Report Preparation

The work contained herein represen’s '/, of the effort and brings to 20% the

effort expended to date in the report writ. o <, “he study.
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Third Montriy Progrese Repo ¢ e el Sora'n Analysis
of Advanced Manned-Csco. coatr ear Sheids

NASA Contract NAS 9=-1986

As a result of the technical progres. mari: du-iny the fiest fwo monthly periods
and in view of certain problems encoun*ercd ¢ . & ird monthly period, it become
necessary to revise the original program scacdu,2. 1 was agreed at o joint meeting of
key ARA and AGC personnel, that the original program schedule would be modified to

include additional study phases believed most pertinent to the overall objective of the

program. Consequen}!y, other phases had to by < ~cnged, accordingly, to maintain the

original workload. The revised program sciicic.: s thown in Fig. 1 ond reference will

be made to this schedule in reporting progress made during the third "monthk!y period.

Phase A =Deriviation of Basic Equations

“This phau was extended to includv an investigation of the singularity which

arises on the axis-of-symmetry, in the non-a. .ymmerric case. Results of this study,

which complete Phase A of the program, cre summarized in Appendix 1 of this r;pbrf; ' f?:‘-a |

it was concluded that points on the cxis¥or’-symmerry could be considered in the non~
axisymmetric case but that the additional 5 ugraruming required and the complication.
introduced would probably not justify the .. v:c uncuricy to be gained.

Phase A" = Investigation of Enginecring /- ..

The heat shield, as described in NASA Controct INAS 9-1986, comsists of a
sandwlich shell structure to which an albictive waterie! s Londed. The overail thickness

of the composite structure requires @ threc-cive; sioncl or "thick-shell” analysis.

However, certain regions of the structure cor.iit .f uatremely thin layers which, by

themselves, can sotisfy the usval thin-sheil criveria, The face plotes of the sandwich
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Appendix }’u

Thin=Shell Inferface Conditions for Stress Analysls
of Thick Laminate Structures -

A
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